Reaction of isoquinolines with (R)-menthyl chlorocarbonate or (S)-α-Cbz-aminoacyl fluorides and arenes or heteroarenes gave access to 2-acyl-1-aryl-1,2-dihydroisoquinolines in a Mannichtype reaction via intermediate N-acylisoquinolinium salts. As an alternative, aryl metal compounds could be used. Modest stereoselectivities were achieved. Further reduction and hydrolysis of the products gave access to 1-aryl-1,2,3,4-tetrahydroisoquinolines.
Introduction
The 1-substituted isoquinoline scaffold has been found in a large group of alkaloids. The 1-arylsubstituted tetrahydroisoquinolines represent potent ligands for the channel binding site of the NMDA-receptor complex. 1 2-Acyl-1-arylisoquinolines were used as precursors for such ligands. 2, 3 1-Aryldihydroisoquinolines were used as precursors in the synthesis of fused isoquinolines. 4 Certain 2-acyl-1-aryl-1,2,3,4-tetrahydroisoquinolines are potent AMPA receptor antagonists. 5 There are several possible pathways to introduce aryl substituents at position 1 of isoquinolines. A particular useful way consists of a two-step methodology by first activation with carboxylic acid derivatives, chloroformates or carbamoylchlorides giving highly electrophilic Nacyl, N-alkoxycarbonyl or N-aminocarbonylisoquinolinium salts, respectively, followed by the introduction of the aryl group either directly in a Mannich type reaction or by an aryl Grignard reagent. The N-acyl or N-alkoxycarbonyl group can easily be removed from the resulting 1-aryl-1,2-dihydroisoquinolines later on by hydrolysis providing an unsubstituted 2-N-atom which can be further functionalized. A series of such acyl arylations were reported by the group of Sheinkman [6] [7] [8] [9] [10] [11] and later on also by others. 12, 13 In this way, a variety of electron rich aryl and auxiliary in the Reissert reaction (addition of cyanide to position 1) with isoquinolines but in contrast to first assumptions, 16 the reaction was not stereoselective but gave 1:1 mixtures of epimers. 18, 20 As an extension of our interest in the application of (R)-menthyl chlorocarbonate and α-amino acid fluorides as auxiliaries in stereoselective 1,2-additions to isoquinolines [16] [17] [18] we sought their application in the stereoselective introduction of aryl groups into position 1.
Results and Discussion
Isoquinolines 1 were treated with (R)-menthyl chlorocarbonate 2a or (S)-α-Cbz-aminoacyl fluorides 2b in dichloromethane at low temperatures. In order to assist the formation of intermediate N-acyliminium salts 3 AlCl 3 was added. Subsequent addition of electron rich arenes or heteroarenes ArH gave the corresponding 2-acyl-1-aryl-1,2-dihydroisoquinolines 4 (Table 1) and 5 (Table 3) in moderate to good yields in a Mannich-type reaction. While modest to high (dr = 6:1) diastereomeric ratios could be achieved with α-Cbz-aminoacid fluorides 2b (Table 3 ) the menthyl chlorocarbonate 2a failed to exert any stereoselectivity. In the latter case NMR and normal HPLC do not reveal indications of the formation of diastereomers, but careful investigation by HPLC at chiral phase clearly showed the appearance of two epimers in equal quantities. Thus the same situation is found as before in the Reissert-reaction of isoquinolines, when menthyl chloroformate was used together with trimethylsilyl cyanide. Interestingly, we sometimes observed an alternative reaction of isoquinoline and α-Cbzamino acyl fluorides 2b in the presence of arenes and hetarenes leading to tricyclic imidazoisoquinolines 6 without the incorporation of the aromatic reagent. So far, such cyclizations were only observed when strongly electron withdrawing protective groups, such as tosyl were attached to the amino group of the α-aminoacid fluorides, enabling NH-deprotonation and intramolecular 
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Arenes and heteroarenes lacking π-electron excess are not suitable for the Mannich-type reaction. For such cases we chose an alternative methodology applying arenes as organometallics, i.e. Grignard reagents or diorgano zinc compounds (Method B and D, see  Tables 2 and 3 , respectively). Unlike in the Mannich-type reaction, the (R)-menthyl chlorocarbonate 2a gave asymmetric induction in the reactions with organometallics to some extent. Diastereomeric ratios up to 70:30 could be achieved. Again the epimers of 4 behaved very similar and separation by simple column chromatography was not possible. NMR spectra of the mixtures of these isomers showed only one set of signals and thus looked identical regardless of the diastereomeric ratios (see first three entries in Table 2 ). Finally the diastereomeric ratio could be determined by HPLC. Most probably, an interaction of the metal atom of the organometallic reagent ArM with the carbonyl O-atom of the intermediate N-acyliminium salt 3 gives rise to a more rigid transition state where unwanted formation of rotamers along the N-CO bond can not occur ( Fig. 1 ) und thus better face selectivity is achieved. Unfortunately we were not able to separate the epimers and to assign configurations to the major and minor products. Using this methodology (Method B), benzyl groups which are particularly desirable for alkaloid structures and pharmacologically active compounds 22 can be introduced at position 1 of isoquinoline too (product 4t). Lower yields were obtained when α-Cbz-aminoacid fluorides and Grignard reagents were used (Method D, Table 3 ) while the stereoselectivity remained in the same range (maximal dr 73:27).
4-Bromoisoquinoline was subject of Pd-catalyzed cross coupling reactions. 23 We could make use of the 4-bromo substituted dihydroisoquinolines 4 (R 1 = Br) in order to introduce aryl groups in position 4 by Suzuki-reaction. A convenient procedure was applied using Pd/C as Pdcatalyst. 24 The corresponding 4-aryldihydroisoquinolines 10 were obtained in high yields.
The removal of the menthyloxycarbonyl group from the carbamates 4 turned out to be difficult. A procedure used by Comins et al. for cleaving the carbamate in menthyloxycarbonyldihydropyridones by reaction with sodium methoxide left the dihydroisoquinolines 4 unchanged. The same occurred under basic hydrolytic conditions or heating with hydrazine in dihydroxyethane. Treatment of 4 with TMS iodide gave complex mixtures. Thus we applied reductive conditions. Catalytic hydrogenation in the presence of Pd/C just hydrogenated the C-C double bond of the acyl enamine unit of 4 leading to tetrahydroisoquinolines 7 (Table 4) while reduction with LiAlH 4 (Method G) additionally transformed the menthyloxycarbonyl moiety into We revisited the possibility of splitting off the menthyloxycarbonyl group hydrolytically at the stage of tetrahydroisoquinolines 7 and found heating in trifluoroacetic acid (Method E) or 6M hydrochloric acid appropriate to synthesize N-unsubstituted 1-aryl-tetrahydroisoquinolines 8 ( Table 5) .
In summary, isoquinolines could be transformed into 2-α-aminoacyl-and 2-menthyloxycarbonyl-substituted 1-aryldihydroisoquinolines. The syntheses proceed via intermediate N-acylisoquinolinium salts formed with (R)-menthyl chlorocarbonate or 2-α-aminoacid fluorides which react further in a Mannich-type fashion with arenes or heteroarenes or with organometallics. Stereoselectivity was observed in a number of cases. The 1-aryl-2-menthyloxycarbonyldihydroisoquinolines could be hydrogenated to tetrahydroisoquinolines and the carbamate could be split off or reduced to the methyl group. Method B. General procedure Anhydrous AlCl 3 (20 mol%) was added to a solution of (-)-(R)-menthyl chloroformate (2.00 mmol) in dry dichloromethane (50 ml) at -40 °C. After 5 min. a solution of the isoquinoline 1 (2.00 mmol) in dry dichloromethane (5 ml) was added slowly under the exclusion of humidity. After the solution had turned yellowish turbid (about 45 -60 min.) it was cooled down to -78 °C. A solution of ArM (2.00 mmol) in THF or toluene (20 ml, Table 2 ) was added over a period of 45 min. After stirring overnight the mixture was allowed to warm up to rt. The mixture was quenched with satd. aqueous NH 4 Cl (30 ml) and extracted with dichloromethane (3 x 40 ml). The combined organic layers were dried over MgSO 4 . The solvent was removed under vacuum and the residue was purified by column chromatography with dichloromethane. .25116 α-Cbz-Aminoacid fluorides 2b. General procedure Dry pyridine (2.5 mmol) was added to a suspension of the corresponding Cbz-protected amino acid in dichloromethane (50 ml) under the exclusion of humidity. After cooling the clear solution to -10 °C, cyanuric fluoride (3.125 mmol) was added drop wise over a period of 30 min. The mixture was stirred at 0 °C for 2-3 h while cyanuric acid precipitated. The reaction mixture was poured into ice/water (100 ml). The resulting layers were separated quickly. The aqueous phase was extracted with dichloromethane (3 x 50 ml). The combined organic layers were dried (MgSO 4 ). After removal of the solvent at a rotatory evaporator a colourless oil remained, which crystallized after a short time. Method C. General procedure AlCl 3 (20 mmol) was added to a solution of the aminoacid fluoride 2b (1.00 mmol) in dry dichloromethane (50 ml) at -20 °C. After 30 min a solution of isoquinoline (1.00 mmol) in dry dichloromethane (5 ml) was added slowly under argon maintaining -20°C. After stirring for 3 h the mixture was allowed to warm up to 0 °C. After the solution had turned red it was cooled to -78 °C and a solution of Ar-H (1.00 mmol) in dichloromethane (20 ml) was added over a period of 45 min. The mixture was stirred overnight while it slowly warmed up to rt. Saturated aqueous NaHCO 3 (20 ml) was added, the layers were separated and the aqueous phase was extracted with dichloromethane (3 x 50 ml). The combined organic layers were dried (MgSO 4 ), the solvent removed and the residue was purified by column chromatography. Method D. General procedure Anhydrous AlCl 3 (20 mol%) was added to a solution of aminoacid fluoride 2b (1.00 mmol) in dry dichloromethane (50 ml) at -20 °C under exclusion of humidity. After 30 min, a solution of isoquinoline (1.00 mmol) in dry dichloromethane (5 ml) was added slowly at -20 °C. The resulting mixture was stirred for 3 h and was then allowed to warm to 0 °C. After the solution had turned to orange-red colour it was cooled to -78 °C. A solution of the Grignard reagent (1.10 mmol) in diethyl ether/dichloromethane (20 ml) was added over a period of 45 min. The mixture was stirred overnight while it warmed up to rt. Aqueous saturated NaHCO 3 was added and the further work up followed method C. 
Experimental Section

HRMS (EI) m/z:
4-Aryldihydroisoquinolines 10 by Suzuki coupling. General procedure
The boronic acid ArB(OH) 2 (6.25 mmol) was added to a solution of the bromoisoquinoline 4 (R 1 = Br) (5 mmol) in dimethoxyethane (20 ml). After stirring for 10 min PPh 3 (230 mg, 0.88 mmol), Na 2 CO 3 (2.10 g, 18.75 mmol) and 20% Pd/C/52% water (250 mg) were added in this sequence and the resulting suspension was diluted with water (10 ml). The mixture was heated in a reflux setup with an oil bath (90 °C) under stirring. After cooling to rt the mixture was filtered and the filtrate was extracted with AcOEt (3 x 40 ml). The combined organic layers were dried (MgSO 4 ) and concentrated under vacuum. The residue was purified by column chromatography.
